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(57) Abstract : 

PROBLEM TO BE SOLVED: To increase charging/discharging capacity and cycle 
characteristics by using carbon material having the specified crystal 
structure in the X-ray diffraction, obtained by graphitizing treatment in the 
existence of boron, and containing the specified amount of boron, in a 
negative electrode. 

SOLUTION: The spacing between graphite layers measured by X-ray diffraction of 
a carbon material whose graphitizing treatment is performed in the existence 
of a boron compound is 0. 338nm or less, and the size of a crystallite in the 
direction of the (c) axis is 35nm or more and that in the direction of the (a) 
axis is 50nm or more, and the ratio of diffraction peak of (101) plane to the 
diffraction peak of (100) plane P101/P100 is 1.0 or more, and th content of 
boron is 1000~30000ppm. Preferably, carbon fibers prepared by using meso- 
phase pitch as a raw material are milled, then graphitized. Preferably, the 
pitch raw material is spun and is made nonfusible, and if necessary slightly 
carbonized at 1500° C or lower, then milled, and graphitized at 2200° C or 
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higher after a boron compound is added. The carbon material is highly 
graph it ized. 
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W1±»4L<$:V\ 

[0 0 3 0] S&fefl^*#$#0. Imm3>*it(i. 

«fc*9#4L<$rV\ ^*3^g{i. *aSWiSA»6* 
#5 0 Ornish. #4U<ttfc#l 5 0.0mJ2Ui, 50 



W9-63585 

8 

fc#4 L< lifefr2 0 0 0 mfeLh"C*4 . t&*fflftfi. 

3 0 0 "020:4 0 O'CJilT. # 4 L<!±3 0 0°CJJLL3 
[ 0 0 3 1 ] 4*:. *>Vh7u-mt. XOT 

/fEawwcwciE^j l«< &* . am 

5 0'CUTF. W4 t< it 2 5 0'CO±3 1 OXJjlTCft 

s. 

[0032] (p) ^M^KSIE 

[0033] (a) mm<D^fuvitijmm 

^■MfcWKILfcatttSr. 2 5 0-CJ2Uil, 5 0 0*CWT 

S^li:t>nrSgr*4„ 2 5 0'C«±1, 5 0 0°CJ2HT; 
Hf^ L<ii 5 0 0'CJil±9 0 0"CJ^TcOjagT'|gS^ 

[0034] 1 . 50 OXJ^Lh^tBflrC^^QMS (Kfl; 
[0035] *fWUzm Lti 5 tV K-ft*3W& & < Uttt" 

it/r h six ofttTTto-^ -swstuwsr 4 i 



(6) 

9 

ttifbtitiy a )V?-<r>&<r>-k% ^m^Wm&h^ tlz 
i 0 3 y h n-/M-ft i k a"Ti6"CJ& 4 . 
[0036] KS^K-ftKfi. ^yyi^i^t-^ 
-;P5/K aWISfcift^ifefci&ft**. ^ixh<r>-ffi£ 

attBitaw) s/i' H«at<orx^ h jta* 1 jj* 10 

±3 0UTf\ jf?4L<«113Lh2 0J3lTfc«r*«tdtdH 

3&MH&i«rt-ft.rk* t »*u\ 

[0037] ( i i i ) 

ffttTTMiMtfiyi (^SttJMffiSW*. 2 0 0 OiCfiLL 
«t ftJR&flglEggl ( d002 ) #0 . 3 3 8 n mJilT 

tel. 5 0 0"CIilT^aSTlg^MI:^f^5;l.K 20 
Jt*«l OOOppmJil±30 0 00p P mJJlTk3:ftJ: 

[0038] *?3iHfc&**MWi. a*. mmcoTt-^ 
if***fc^*ts*s»k Laaw-ft^as&wRMi 

& tfWfcWPRSft ft i> OTttSrV i fcJOBR tf -y *-<?5K 
|irt^**ffc£ft*iRillrt-ft £ k «>+#"WC*ft . 
[0039] sh**ffc#»fc LTti. *^*#flstfDfl& 

awt*?* (b# c) s m<t^m. *^sl wtit 30 
jh % ^^isiz-^^w titft. »«jwstrftfc 

v. T-bhv3Wff£>i"U «yfl-*-ft*'>*{fc£%fc:-& 
i>iJ«*JWtf*J:^. BfflB-cttBH-ftllWi. 
5^H«Ek%-tffl^f ftfcfttT^aSS: 5 0 0 

flfiffl-^ft 

[0040] #»HJ!TI±, 5 /U K-fkS^KSattttV* 
^CJR«Mfc3*ft£k "5. £<7>fc»(cii. 40 

^^Sik^tWMF. »4 L < (4 2 , 2 0 0*C£Lh. 
%t>itZlftt L<{±2, 4 0 0 ^CJa±<0fflKT-|5tffrft«Si 
fc-J-ftsBR* 1 **. *?*ffc^Oflffl<3«01t:OTBJ!T 

a * a*. * ^^k-^ttwitja ( * 2,08 
ox;, Dt'fc*'>*oitSJi2. 4 sot) isa^E* 1 
nifrfk^ J: o &tf«ttft®&k l 

ft. 

[004 1] HRWfc, jWMWfmfc, %X&liBft£ft 
<^ft*5f«H8'fb& t Jtfi^-ft* t , >y7x-Xt'7fl 50 



WUIPF9-6 3 58 5 

1 0 

^R^I^^Pk *»BJJT»5t$*iftW0Kr 
««fll3ft«>Wftffll»8B»*»J: 3 k-Tft k . *^»fk^ 

«w)» : aTJ!Mww-ft*6'«2 2 0 oicBsoaflrcfc 

tt7 0 0T:t>ffil*2. 9 0 0X^LhOXttft^S^-ft. 

Sttk rag««)«ftttffi£».k 3 k f ft fc . 
AtfB$3*ift. ^<03, 1 0 0•CkV^5 J: 

£<3, 3 7 0'C) 0ifi-^<jfe6»4>fc#4L<'Sr 
[ 0 0 4 2 ] 4fc, U8R«<!Omt8'fk«Sl{i, Bg^^S 

**fiTS-frft*l*l*«*4<IktJ:ft. ^cofc^A\ M 

«Mt*sii*fcaairt-ft ttmii-smza^x t> . mm* 
&tstt.&®. mumityt-^m ( b 2 o 3 ; ss^4 5 0 

°ClJLh, . 5 0 O'CJiLt) ^(ci±, HiS-fLSrfSit 
■^ftSMWWfeitftRBB, 9&&t<?>W#tf1&T-i-Z1gfil 

[ 0 0 4 3 ] (i v) SMKO^WOi^jt ; -HRWfc, 

mt. *&ft*ms'Mm*mizmHzmiiiZix2>t>K 2 

^znm<0^ ^|»£3ft» Sr» ft tti. ^-fk^V 

*f4>O^M^k^:jC§^ Wft^A D y >itmt LT 
j!Wk:JR9l»<*S. -T=5r*>*>. s^-ft^S-T ft i k 

fl^aLfckktfc. rift^t«t l 9'F*Blh*«^S*fti 

k*^4Lv\ 

[ 0 0 4 4 1 o) u ^ A>r 7f y-HK , mmn.m$t ■. 

■f ft Wi*f S^- hX«SPRfc:;hlEEo-;W 

0 ; k CcJ; -»TS»fc:W£f6*mSfc"rs-i k^'TS 
ft. i^idtcLT^^^utaSBW^wflSti. m{4 

ft«3fc 0 osa^s < . mm>mMztmx'h 
ft. 

[0045] 4^:. *«KHfc:J:ftlKSRW£jlSK:ffl»f^ 

•jf-»>A-Y*y-»«as*ffriWft«^ku± N ««Mk 



1 1 

^f-zt-fh^b b'a^^y. ^77^. 
-yjj-^f-v^^ r-feh— M);K i^fvk* — 

[0046] ires*: L/cfct, Sje*r-*>t*jdW- 
f^yi'jf^ (LiPFe ) gwafsrcfc*. 4 

fc. y^A-f3j->~artKftWiE«4:L-Cli. MUX. 

BMk^oA. mti~?>^ s.mv<i-is 

Mri2 04 ) . Uf-^An^^hgg-ft;^ ( L i C o 
O2 ) . 'Jf-^A--y*-;l«^k«) ( L i N i O2 ) m<T> 

[ 0 0 4 7 ] £ *i ^ *>jes s@ fc tfoffltc-^jiaiatRx 

-^*R*t« fiS3lW)TO!l4:R«Kail*f|s*affl 

at* 

[00481 
[004 9] 

(mmm 1 ) 1 . 2 5<oqs?i^M 

tfldfigO. 2mmfl!.OS)5*?lSr— ?lI(C5 0 0ilWf S 



7) #^¥9-6 3 58 5 

1 2 

LJt. -TOBS. IS*?SJg(i3 6 0-C. ttiiiiliO. 8g 
/H • ftX'h-ytz. ttti&iXtzWm: . W&Mt&2. 0 

[0 050] ZCVffiMLttvh S»A»&3 

0 o'ca-cT^jaaise-c/^T'^L-c^M-fi^aa 
£fi^>*:. ^<T)^M'fk*^7 0 0 o c-C'^(Cj^ 

10 flSttS ?n^7n-i L¥« 1 8 

/i oKxsBg s )v v znti , z, <vmm# s ^ k tc wis 

gl 0;um<D^fc*^fi?£5fi4%}3iainU fcj-t&S 
.kofcJJBI^LfcflL 2, 7 0 0*Clfc-e3*C/?jV)i£ 
«T#)S L. $ lz 2 , 7 0 0-Cfl lfflfl|ft& Ltz . # 

jfe"CWtUfci:;r*9, 4 00ppmt?>^^. 
X^HIiffOSIl^SmS:^ 1 IZTjk-t . KiiS.t4 . 

85g£0. 1 5g^!Jfh77;^oxfi/yi:i 

[0051] m&iz. WimRvmmwmiz&mv^-'yi* 

$rfflVK xf-l/iofr— h (EC) — 
(DMG) tfMUtT-l/lfciWSLfca^K 

1 c 1 04 ) ^ i ^fr(Dmmx*mmzitx:mffi&*x'm 

i o omA/'gco^fl;«s^t^feffiTTiTV^. as^m 

{iiEHJitt #R3miSm{a (0~2V/Li/Li + ) 
T, lOSSSBLffljefcLfc. a!l^ig*^^-frT*l 
30 tC^-T. ^l£]<50S(«^«3 4 0 m A h/ g , JtMMiftm 
92%. 2Hia<7)S^|^S3 4 5mAh/g. 5tSt^& 

1 0 0 3 * rtCfc^T ^"TiXt imBm 3 4 5 m A h 
/g. 5Efti:^l 0 OXh^LtzmttLK. ± 

[00521 (UStWI 2 ) ^Sil0iJ 1 fc HttC UTT»4><1 

40 s^f^H l . stem i t H*c^awcsa«tt*ai5g t 

mm it ^h^xm. 1 t=*rr . 

[0053] 



(8) 
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1 3 



1 4 





**«i 


£»W2 






«*»« 




2700 


2700 










5 

(3.9) 


i 

(0.79) 


15 
(11.7) 




9,400 


1,000 


29,000 


XttMfr 

cl o o 2 ( n m) 
L c ( n m) 
La ( n m) 
Pi.i/Pioo tt 


0.3355 
74 

lOOT 
1.72 


0.3368 
40 
82 
1.09 


0.3370 

42 

85 
1.11 


©»:£**«»*(*) 

10®B»fB£fi<-Ab/«) 

lO0H:fctt*»*(K> 


340 
92 
345 
100 


296 
90 
298 
100 


300 
90 
310 
100 



[0054] (ttmni ) ni>mi tmmniM.mz: . * 
tisftSL. mmm 1 1 mmizymm.^s.'m^t: m%. 

r. - 

coo 55] {RMM2) mmmi tmmizLxi%L>h* 



* tz mmtk s. >v h $• , mt^m^^mm&^m 2 iz 

20 mam L , HfifeCT 1 fc FHK C%Kt$itttt£ fi'JS u 

tgffl 1 fc ^ttrm 2 t^-r . 

[0 0 5 6] 
[*2] 







ib«W2 










2700 


2700 












0.8 
(0.62) 


17 

(13.3) 


**K8it*«>*lir*rB (ppa) 




900 


31,000 


XttlBJr 

d 011 ( n. m) 

L c (n m) 
La (n m) 

P iCl/P IOO it 


0.3371 

39 

80 
0.94 


0,3371 

40 

80 
0.97 


0.3370 

39 

85 
1.11 


tDS9ft*Sfi(«Ah/ e ) 

i0BHtt«*SMh/K> 
10BBXtttt»*(K) 


277 
89 
270 
100 


281 
89 
282 
100 


* * KB 



*i o rau:* <>*««« 



[0057] 



[02] JtttWl Wt-f^.'J'v?^^ 




(mV v s L i/L I * ) 



«{& (mV vsLi/Li*) 



